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DETAILED ACTION 



Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1 966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. Claims 1-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over a 
combination of Ito et al. (WO 02/33709) and Nomora et al. (WO 03/041091 ) in view of Li 
et al. (WO 05/001037). Notes: US 7,160,968, US 7,214,756, and US 2007/0100078 are 
being used as equivalents of WO 02/33709, WO 03/041091, and WO 05/001037, 
respectively. 

4. Regarding the limitations set forth in these claims, Ito et al. (Ito, hereafter) 
teaches a phosphoric acid group-containing polymer electrolyte membrane, its 
production method, and fuel cells made thereof (Title, col. 2, lines 15-30), wherein the 
membrane comprising a copolymer of a phosphoric acid group-containing ethylenically 
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unsaturated monomer and a sulfonic acid group-containing ethylenically unsaturated 
monomer (col. 2, lines 32-42). The phosphoric acid group-containing ethylenically 
unsaturated monomer comprises the monomer recited in claim 3 (col. 6-8). The 
membrane is said to have high electric conductivity and excellent heat resistance and 
chemical resistance (Abstract). However, no data is given for the performance behavior 
of the membrane at temperatures above 80°C. 

5. Clearly, Ito differs from the claimed invention in that Ito fails to teach a 
polyelectrolyte membrane comprising a highly cross-linked network resulted from a 
polymerization reaction and hydrolysis/condensation reactions of methvlalkoxvsilane, 
alkoxysilane-containing (meth)acrylate, and the disclosed phosphoric acid group- 
containing ethylenically unsaturated monomer, and a method of making said 
membrane. 

6. Nomura et al. (Nomura, hereafter) teaches a proton conducting membrane, 
process of its production, and fuel cells made thereof, wherein the membrane 
comprising a highly cross-linked network of organic-inorganic hybrid structure prepared 
by hydrolyzing/condensing a bis(di- or tri-alkoxysilyl)alkane or an OH-terminated 
polydimethylsiloxane with a sulfonic acid-containing monomer having a cross-linkable 
group that includes a halide, hydroxysilane, or alkoxysilane (Abstract and Table 1). 
[Motivations] Nomura teaches that a fuel cell, depending on the chemical reaction for 
its working principle, has a higher energy efficiency when it operates at higher 
temperature (i.e., 120°C or higher) (col. 2, lines 29-39). "It is a consensus that 
production of sufficient power is difficult at low temperature, and possible when 
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temperature is increased to, e.g., 150°C or higher" (col. 2, lines 56-59). Conventional 
sulfonated fluorinated resin-based membranes have a maximum allowable temperature 
of 80°C for stable operation for extended periods (col. 2, lines 26-28). Attempts at 
increasing the heat resistance of proton-conducting membranes by using aromatic 
polymers have numerous drawbacks (col. 3). On the other hand, membranes made of 
inorganic materials such as hydrolyzing/condensing acid-containing hydrolysable silyl 
compounds, though exhibiting good proton conductivity at high temperature, are difficult 
to process and do not have stable structure at high temperatures as the membranes 
tend to be cracked (col. 4, lines 1-9). The disclosed membranes, being a hybrid 
structure, has improved heat resistance, durability, dimensional stability, fuel barrier 
characteristics, and high proton conductivity at high temperature (col. 4, lines 46-52). 
7. Li et al. (Li, hereafter) teaches hybrid inorganic-organic polymer electrolyte 
membranes based on alkoxysilane-g rafted thermoplastic polymers. The membranes are 
prepared by grafting a thermoplastic polymer [0006, 0009, 0016-0017] with 
alkoxysilane-containing monomers such as methacryloxypropyltrimethoxysilane [0011, 
0017, 0023], followed by hydrolysis/condensation with alkoxysilanes such as 
tetraethoxysilane [0013] and treatment with a proton-conducting species such as H 3 P0 4 
[0014]. The membranes therefore contain Si-O-Si network [0010]. [Motivations] Unlike 
conventional proton electrolyte membranes which can usually be operated below 80°C 
[0003] and are not thermally stable over 120°C, especially membranes containing 
sulfonic acid groups [0004], the disclosed membranes are stable and have good proton 
conductivity at high temperatures [0051, 0039-0040]. 
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8. From these teachings, it is obvious to one skilled in the art that a good polymer 
electrolyte membrane (1) should have a highly cross-linked Si-O-Si network, (2) should 
be an inorganic-organic hybrid structure, and (3) should contain phosphonic acid 
instead of sulfonic acid. In view of the phosphoric acid group-containing ethylenically 
unsaturated monomer taught by Ito and the grafting method taught by Li, it would have 
been obvious to a person having ordinary skill in the art at the time the invention was 
made to have combined the phosphoric acid group-containing ethylenically unsaturated 
monomer with the alkoxysilane-containing (meth)acrylate monomers and the 
alkoxysilanes to prepare proton-conducting membranes that are stable at a temperature 
of 120°C or greater and have good performance at such temperature for extended 
periods. Further, it would have been obvious to a person having ordinary skill in the art 
that such membrane can be prepared either by polymerizing the ethylenically 
unsaturated bonds first followed by hydrolysis then cross-linking (condensing) with the 
alkoxysilanes, or equivalently, hydrolyzing and partially condensing the alkoxysilane- 
containing (meth)acrylate monomers followed by polymerizing the ethylenically 
unsaturated bonds (with the phosphate-containing monomers) and subsequently cross- 
linking the resulting polymer with the alkoxysilanes. Both methods are expected to give 
similar end results. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Vu Nguyen whose telephone number is (571)270-5454. 
The examiner can normally be reached on M-F 7:30-5:00 (Alternating Friday Off). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Wu can be reached on 571 -272-1 1 1 4. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Vu Nguyen 
Examiner 
Art Unit 1796 

/James J. Seidleck/ 

Supervisory Patent Examiner, Art Unit 1796 



